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Introduction 
In the Fall of 1999, the Naval Postgraduate 
School (NPS) School of Aviation Safety sponsored 
a Maintenance Resource Management (MRM) 
training for 17 squadrons located across the United 
States (including Hawaii). It was hosted on the 
Safe Maintenance in Aviation Resource and 
Training (SMART) Center, which utilizes the 
technical capabilities of the World Wide Web to 
provide resources and training for the continuing 
education of aviation maintenance personnel. 
Galaxy Scientific Corporation (GSC) developed the 
SMART Center through a research grant from the 
Federal Aviation Administration (FAA) Office of 
Aviation Medicine Human Factors in Aviation 
Maintenance and Inspection program. The first 
MRM seminar was conducted in January of 1999 
and involved civilian and military participants from 
around the globe. NPS with the support of GSC 
replicated this seminar for maintainers of the Fleet 
Logistics Support Wing (FLSW), the Navy’s 
organic passenger and cargo airlift organization. 
This paper reviews the training of Naval personnel 
in MRM on the Internet using the SMART Center. 
included administrative, technical, and coordination 
tasks associated with the training, as well as hosting 
the SMART Center activities on its server. GSC 
provided three staff members to run the SMART 
Center: a web administrator; web developer, who 
handled updates (including chat transcripts); and a 
seminar coordinator, who served as a liaison among 
FLSW personnel, NPS instructors, and GSC staff. 
A list of 58 FLSW and other Navy personnel 
was sent to the GSC staff, 39 participants signed up 
for the MRM computer based training (CBT). The 
SMART Center can technically accommodate 200 
users simultaneously. However, NPS and GSC felt 
for this initial seminar that it was desirable to have 
a smaller group to insure participants had 
individual attention and any difficulties quickly 
addressed. 
The SMART Center’s campus map is divided 
into four areas: Administration, Resources, Classes 
and Recreation (see Figure 1). The administrative 
area (lower left corner) is where participants and 
instructors can review events, send e-mail, and 
provide feedback. The class materials area (upper 
right corner) is where participants retrieve all the 
seminar resources, including weekly readings. 
Description of Seminar Activities 
Seminar duties were divided between NPS and 
GSC personnel. On the Navy side there were two 
instructors, one also serving as an administrator. 
The instructors’ duties were to facilitate all the chat 
sessions and provide Naval Aviation oriented 
reading materials used in the seminar. The NPS 
administrator assisted with communication and 
coordination with FLSW personnel. GSC’s role 
Figure 1: SMART Center Campus 
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The classes area (lower right corner) is where the 
online CBT is conducted. Participants worked their 
way through eight CBT units that parallel the 
seminar material, and subsequently took a quiz 
upon completing each unit. The topics include 
airline safety, human error in maintenance, human 
factors fundamentals, worker safety, 
communication, teamwork, situation awareness, 
and performance management. The classes area 
also has a conference room, where students engage 
in chat sessions with instructors on seminar topics. 
Edited transcripts of each chat session are archived 
in a conference summary area. The recreational 
area (upper right corner) contains brainteasers, a 
bulletin board, a computer game and the Campus 
Store. 
The training spanned roughly six weeks from 
September through October 1999. The first week 
was orientation, followed by five weeks of the 
seminar proper. Prior to starting the training, 
participants were e-mailed a syllabus and a 
document stating what was expected. In order to 
complete the MRM seminar, they were expected to 
complete all eight CBT units with 100% criterion 
on each test. They were also expected to sign-up 
and participate in at least four chat sessions: one 
orientation and three topic sessions. Before 
attending each chat session they were expected to 
read the material associated with the given topic. 
Finally, the participants were asked to fill out an 
evaluation form before the close of the seminar. 
Participants were told they had until the end of 
October to finish the CBT to complete the seminar 
and receive a certificate. 
Participants were also sent a series of “Hints 
for Success”, instructing them on how to best 
prepare for the seminar. This series of instructions 
covered the hardware and software requirements, 
computer set-up, chat session scheduling, CBT 
instructions, and audio-video requirements. The 
known technical start-up “glitches” from the first 
seminar were incorporated into these notes. 
expected to log in, familiarize themselves with the 
SMART Center (if they had not already done so), 
view the introductory video for each unit, start the 
first two units, and attend a designated practice chat 
session. The practice chat session was designed to 
During the orientation week, participants were 
orient students to text chatting, and provide them 
with an opportunity to ask the seminar coordinator 
questions on hardware and software requirements, 
the SMART Center, or the training itself. This first 
week is when all the unknowns about the needed 
technology were uncovered and solved. 
The training syllabus was designed to cover 
two units per week, and each week participants 
were required to read assigned materials and then 
work their way through two units of the CBT. On 
Mondays and Thursdays chat sessions were held 
that covered material from the prior week. 
Given the target audience, Naval Aviation 
maintenance personnel located throughout the US, 
the seminar activities were designed to be primarily 
self-paced and accessible any time, day or night. 
One reported drawback to distance learning is the 
isolation students’ feel when learning remotely [I]. 
To minimize this phenomenon, several means for 
interaction with GSC staff, N P S  instructor, and 
participant were provided. E-mail addresses for the 
staff instructors and participants were made 
available, however a general list was not provided 
to all to prevent abuses. Staff e-mail addresses 
were also sprinkled throughout the Center for easy 
access. Chat sessions were arranged to encourage 
interaction between participants and instructors. 
Summaries of all chats were subsequently posted. 
The seminar staff worked through technical 
difficulties and answered questions the first two 
weeks of the seminar. Generally, seminar staff and 
participants used e-mail to work through technical 
difficulties or to answer subject matter questions. 
The staff made every effort to answer participant 
questions within the same day. The phone was 
occasionally used to help participants troubleshoot 
technical problems; however, the phone was not 
generally necessary. The remaining four weeks 
showed significant decline in the need for help. 
Most participants by then were actively working 
their way through the seminar. Participants and 
instructors used chat sessions, as a forum for 
discussion about MRM topics. As the seminar 
progressed, instructors began receiving email from 
some participants wanting to discuss the content 
material in greater detail. 
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ResultdDiscussion 
Question 
participate in at least one topic chat and 22 were 
able to participate in three or more chats. 
AVG Mode Range 
(#I low-high 
Participant and Activity Statistics 
The level of participation for the Navy FLSW 
personnel was comparable to that of the initial FAA 
seminar. Of the 58 initial registrants, 39 signed up 
for the MRM CBT. This we considered the core 
group. Of the 39 participants, 33 completed all 
eight quizzes with loo%, which entitled them to a 
certificate of completion. In comparison, 53 had 
initially registered for the FAA seminar. Of these 
53 participants, 36 were part of the core group that 
actually participated. Of the core group, 30 
completed the seminar. At least two FLSW 
representatives contacted GSC or NPS to let it be 
known that they could not participate in the seminar 
because their network was going to be down for an 
extended length of time. They asked to be 
contacted when the next seminar is offered. 
The completion of the MRM CBT was used as 
criterion for training completion. Navy participants 
did well on the MRM CBT. On average it took 
participants two to three tries to reach the 100% 
criterion for each quiz. Both Navy and January 
FAA seminar participants performed similarly on 
the eight-unit tests. The pattern of testing was also 
similar. For both groups, it took more trials to 
finish the first test than subsequent tests. There 
were participants in each group who struggled with 
individual tests, but there was no pattern of one test 
being significantly more difficult than others. Quiz 
five on communication seemed to be easier for both 
groups while quiz seven on situation awareness was 
more challenging. From the seminar evaluation 
responses, there was a wide range in perceived 
difficulty of the tests even though there was not a 
large variation in how many trials it took for 
individuals to complete each test. 
While everyone was encouraged to participate 
in as many chat sessions as they could, chat session 
participation was not used as a final criterion for 
completion. This was due to technical difficulties 
and travel requirements prohibited some people 
from attending scheduled chats. Most were active 
participants in other ways (e.g., they read the chat 
summaries and assigned materials). Many of the 
participants who could not attend the chat sessions 
contacted us. Of the 39 core participants, 28 did 
Evaluation Forms 
Fifteen of the participants sent in evaluation 
forms. There were two types of questions: scaled 
questions and short answer questions. The scaled 
questions used a scale of one through ten with ten 
being a favorable response (see Table 1). 
Sufficient 
7 ( 5 )  4 -  10 
Like Dis~lav  7.9 8 (4) 5 -  10 
I UnderstandINFO I 9.5 I 10 (9) I 8 - 10 I 
I Relevant I 8.4 I 7/9/10(4) I 6 -  10 I 
I Tests Difficultv I 5.1 I 5 (3) I 1 - 9 I 
I Learned I 7.7 I 7 ( 5 )  I 5 - 10 I 
The evaluation questionnaire covered two 
basic areas -- interface design and MRM content. 
Participants generally liked the display. They 
found the directions sufficient to get them started 
though some did not find the interface intuitive. 
Once students got their bearings they found the 
Center well laid out and easy to use. The aesthetics 
of the site was pleasant but not outstanding. 
Response time was adequate but not exceptional for 
some participants. The GSC server was operating 
on a T1 line, which should have been more than 
adequate for all seminar activities. Network 
slowness was probably due either to high Internet 
activity or high network activity at the Navy sites. 
Participants were generally pleased with the 
content. They thought it was easy to understand 
and relevant. Some thought the tests were difficult, 
while others felt they were easy. Some participants 
thought they learned more than other participants 
did. There were a few comments wishing the 
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material would have been targeted more toward the 
Naval Aviation. The seminar materials were 
originally designed for the commercial aviation 
community and supplemented with Naval Aviation 
material. Many participants thought the assigned 
reading for the chat sessions were excellent. These 
included reports from both Navy and FAA 
sponsored research. 
The short answer questionnaire items were 
designed to elicit specific positive and negative 
aspects of the content and interface. The questions 
were in the form of “Did you ever feel lost or 
disoriented? If so, when and where?” or “Was 
there any information explained particularly well?” 
By eliciting specific examples participant likes or 
dislikes about the experience, the SMART Center 
and its content can be improved for future 
seminars. The following are samples of question 
responses: 
What is your purpose in taking the seminar? 
I intend to pass all training down to the 
troops from here as well as the ORM 
seminar. It also will improve me as a 
supervisor and team player. 
At first it was because I was directed but 
after taking the course I learned a few 
things that will help me perform my 
duties better. 
3c. Did you ever feel lost or disorientated? If so, 
when and where? 
The beginning was very difficult. 
Problems with firewalls, interfaces 
(iava), security etc.. . nearly convinced 
me it was not worth the trouble. Glad I 
stuck with it though! 
Just getting started. I was not sure how 
to begin as far as what the web address. 
My squadron did not give me the right 
info. Right away. Once I did get the 
info. I was not sure how to begin. But 
Terry pointed me in the right direction 
and it was easy from there. 
I got turned around a couple of times 
looking for the schedule of who is 
participating in which chat room. 
5b. If you were to change the displays, what 
would you add or delete? 
I would add a side bar or drop down 
menu, which would give a brief synopsis 
of the icotdarea of interest. 
CBT screens seemed to be a little boring. 
Possibly adding more video/audio. 
6b. Was there any information that you could 
not understand? 
No - all was very intuitive. 
You just had to remember to pay more 
attention to the material, so that you 
could answer the set questions correctly. 
6c. Was there anything that was explained 
particularly well? 
I thought all the areas were presented 
well. 
Communication. 
7b. What information was particularly relevant 
or interesting to you? 
I thought the reading on training (chapter 
7) was interesting, particularly the 
differences between Navy training and 
FAA. 
The chat sessions with other 
maintenance individuals to see how they 
would handle a certain situation. 
I particularly enjoyed the discussion of 
human factors. Also, the discussion of 
airlinelincident causal factors. 
7c. Did you find any information uninteresting 
or not relevant? If so, explain. 
Some of the discussion on 
communication seemed to be self- 
explanatory, but still relevant. 
Some of the topics went on and on, when 
the subject could have been discussed in 
a shorter amount of time. 
8b. Were the test questions relevant to the 
content they were testing? Give an example of 
one that was relevant and one that was not 
relevant. 
Relevant but you REALLY need to have 
more questions in the database. 
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I teach college classes (psychology) in 
the evenings. From that background, as 
well as my background as a student, let 
me say that I am not in favor of questions 
that only prove you read the material, 
which, by the way, yours did. It is much 
more important to assess understanding. 
The questions were a pretty good review 
to highlight the key points in the reading. 
9b. List any ideas you learned about in this 
seminar that you think you could apply in your 
work environment. 
Developing situational awareness in 
AMTs - great concept! I've explored and 
studied the concept exhaustively in 
cockpit mgmdflight career; but like 
many mgrs, I suspect, haven't really 
thought about systematically applying it 
to the "ground-pounders" 
Better communication skills and being 
more aware of human errors and 
methods to help prevent accident. It 
helped me become more aware of things 
that we take for granted. 
General Comments 
This was my third training session that 
was web based. It was by far the best. 
The only thing that I found negative was 
during the chats I kept getting kicked off. 
Overall, a good course run by a good 
staff. One comment, the labs need to be 
scrubbed for accuracy and spelling; 
"hangar" vice "hanger" is one common 
problem. Having a method for the 
facilitator to have "canned" questions 
and to input them when appropriate 
would greatly increase chat session 
efficiency and legibility. 
The only negative criticism I can offer is 
on the videos. They took too long to 
download and then they were broken by 
continual downloads. Honestly, I 
stopped viewing them. Future courses 
this needs to be fixed or removed. Other 
than that this was an excellent course 
and I look forward to future 
opportunities. 
0 Enjoyed this class and being able to do it 
on the web. Nice. 
Now, more comments from the cheap 
seats. I'm not a fan of CBT. Most 
sailors, as I mentioned above, begin 
training with one thought in mind: 
finishing. CBT allows that to take place 
quickly, easily, without having to learn 
anything at all. I went through all the 
modules. I read all the assignments, but 
I could have skipped all of that and gone 
straight to the tests and taken them over 
and over until I got 100%. ... You've put 
together a good course. Lots of good 
information for the reading. I only wish 
there was some way to ensure learning 
took place. The simple answer for you is 
to tell me to make sure it happens, which 
would work, but it doesn't fix the 
problem. Good luck solving that one. 
Learning is a wonderful thing. Thank 
you for your time and effort. I enjoyed 
the course. 
Lessons Learned 
What We Did Right 
difficulties, the seminar and training were a 
success. What were some of the factors that made 
this experience a success? Ironically, the things 
done right are primarily pedagogical. The limited 
class size of roughly 50 participants was a 
manageable. It allowed the staff to give each 
participant their undivided attention. Staff ensured 
participant questions and requests were responded 
to within 24 hours. Staff also accommodated 
change in (e-mail) location and schedule 
fluctuations. The systems administrator worked 
with other administrators to solve firewall problems 
and technical difficulties. Even if a participant 
became frustrated, they never felt ignored -- very 
important for public relations. 
defined. Each staff member knew their tasks and 
had the authority to accomplish them as needed. 
Instructors had clearly defined responsibilities. 
They were expected to lead the discussion for their 
It is apparent that despite some technical 
Roles of staff and instructors were clearly 
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assigned chat sessions. The instructors were 
exceptionally well prepared and this was reflected 
in the quality of the chat sessions. Instructors were 
very good about covering each other if a scheduling 
or technical problem arose during a chat session. 
They also were willing to schedule extra chat 
sessions to accommodate students. Practice chat 
sessions were given to the instructors prior to the 
seminar’s start so that they were comfortable with 
the technology and discussion format. This greatly 
helped their comfort level, which is also important 
consideration when implementing on-line 
interactive training. Instructors, facilitators, etc. 
cannot feel they are at a disadvantage with students. 
Several things were done correctly to facilitate 
orienting the participants. During registration, the 
staff initiated correspondence with the participants 
to help prepare them for the upcoming seminar and 
set the tone for the new instructional experience. 
The first week of the seminar was orientation week 
where in addition to familiarizing themselves with 
the SMART Center they were given an opportunity 
to practice with the chat facility. These steps, 
though not fool proof (as noted earlier) did 
contribute to the success of the seminar. 
success of seminar was the conscious decision not 
to burden the participants with too much 
technology 121. Sophisticated technology (live 
video & audio) is often perceived as an optimal 
solution to distance education. However, one must 
moderate this tendency with the goal of the seminar 
work, the technical sophistication of the audience, 
the available hardware, and the available 
bandwidth. Often the seminar did not require 
sophisticated technology to meet its stated 
objectives. One must weigh the cost of equipment, 
support, software required, the learning curve, and 
increase likelihood of technical failure to the value 
added in the medium used. For example, do not 
risk relying on a high-risk technology that many 
people may not have access, to support a core 
seminar requirement. 
that provided multimedia and interaction to keep 
the seminar interesting, while minimizing the 
requirements. Even so, the technical requirements 
stretched the limits of some participants. Technical 
Another design decision that was crucial to the 
The staff chose a medium level of technology 
streamlining to the point of making the technology 
transparent to the user is critical if institutionalized, 
web-base training is to be a reality. The most 
significant lesson learned however is customer 
support. Customer service cannot be compromised 
if training is to be a success. 
The seminar had a good ratio between 
independent work and interaction with facilitators. 
The seminar was setup so that a participant could 
complete the whole seminar and receive his or her 
certificate without attending one chat session. For 
the few participants who could not access the chat 
sessions, posting the chat summaries encouraged 
these participants to keep up with the threads of the 
discussions. They also served to encourage many 
to email instructors to continue discussions, which 
they did do. Chat sessions, e-mail correspondence, 
and bulletin board postings were all encouraged. 
Independent work provided the capacity to work 
anytime, anywhere at their own pace. 
Also, the criterion for success was to master 
the material. It did not matter how long or how 
many tries it took. What mattered was that the 
material was mastered. This gave people a credible 
structure for achievement. One could feel good 
about success whether it took many tries or only a 
few to accomplish the criterion. Since we do not 
grade the participants on level of success, but rather 
we are raising the base knowledge of the group, this 
form of criterion for accomplishment works well. 
What We Can Do Better 
All the areas where the seminar can be 
improved are technical. The most significant is the 
firewall problem. Because of the necessary 
network security for the Department of the Navy, 
many participants taking the seminar while at work 
could not access the chat sessions due to firewalls. 
Fortunately, most system administrators worked 
diligently with our web administrator to correct the 
problem. Much of this problem can be avoided 
however if the Navy network administrators are 
identified to GSC staff prior to the start of the 
seminar. This way, GSC and the Navy can 
coordinate opening the appropriate portholes. This 
will significantly cut down the initial technical 
difficulties associated with the start of the seminar. 
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Some participants seemed to be “bumped off’ 
the chat sessions on a regular basis while others 
experienced no problems at all. This intermittent 
problem was never really tracked down. It was 
unlikely to be on the server end since all the 
participants would have experienced difficulties if 
that had been the case. A diligent effort needs to be 
taken to track down this problem and fix it to 
minimize the impact on future participants. 
Setting participants up for using the SMART 
Center was not foolproof. Since the Internet was 
used, there was no standardization in hardware or 
software configurations. Network speed also 
varied greatly from location to location. There 
were times during the day when the network traffic 
would all but grind to a halt at some sites. 
Attempts were made to standardize on Internet 
Explorer 4.0 but some students still used different 
or older versions of browser software with varying 
levels of success. There is also the issue of how 
much do you tell people. If you tell them too much, 
people reach information overload and they stop 
listening. Also no matter how explicit you think 
you are, misinterpretation is common. Like any 
class, the level of expertise with respect to 
technical knowledge and comfort varied. Despite 
the efforts to keep the setup and orientation simple, 
in some circumstances it was not. Fortunately the 
diligence of both the staff and the participants 
overcame most of the setup problems encountered. 
seminar material relevant, some expressed a desire 
for the material to be more Naval Aviation 
oriented. This would entail a review and rework of 
the material. Students however did express great 
enthusiasm for the chat readings. Once again the 
readings were primarily FAA research reports and 
several were also Navy sponsored research studies. 
Finally, while most participants thought the 
Summary 
Of 59 registrants, 57% (n=33) participants 
finished. Of the core group of 38, who took the 
initiative to sign up for the MRM CBT Lab, 87% of 
that group finished. Participants were very active, 
not only working their way through the CBT, but 
also reading the class materials and participating in 
the chat discussions. The technology stood up 
reasonably well to active use, though this is the 
area where the most improvements can be made. 
The goal should continue to be to make the 
technology transparent to the user. The seminar 
verified that the seminar material and site design 
was appropriate for the target audience. The 
seminar further revealed that the design 
accommodates a broad student body. There is no 
question that the target audience valued the training 
and saw the Internet as an appropriate vehicle for 
delivering training. 
able to increase their training commitment to 
maintenance personnel while realizing significant 
savings through less travel costs and less time away 
from the job. The main advantage web-based 
centers have to offer over all previous mediums are: 
The ability to simultaneously coalesce 
distributed information into one body of 
information that in turn is accessed by a 
decentralized group. 
The ability for information to 
dynamically evolve. 
The ability for people to dynamically 
interact. 
Using this type of delivery, the Navy should be 
Many people will continue to prefer an 
instructor, but cost accounting will drive training 
toward self-paced independent remote learning. 
The good news is, through web-based training, 
human-to-human interaction may actually increase 
rather than diminish. If done well, individuals may 
actually get more attention, not less. The success of 
any given training will be due to pedagogue more 
than technology, though technology can enhance 
good pedagogy if implemented well. 
Future Trends 
There is a mandate from high-level officials 
within the Department of Defense (DoD) to migrate 
all training materials to web-based delivery. The 
DoD has established the Advanced Distributed 
Learning (ADL) Initiative to develop a strategy for 
using learning and information technologies to 
modernize education and training. The ADL 
initiative has defined high-level requirements for 
learning content. These requirements are 
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documented in the Sharable Courseware Object 
Reference Model (SCORM), Version 1.0 [3]. 
The SCORM requirements are currently in the 
testing phase. Recently, the Orlando ADL CO-Lab 
awarded NPS a research grant to use the SMART 
Center as a test case for SCORM compliance. In 
this initiative GSC will repurpose the SMART 
Center to meet SCORM compliance, and with the 
support of the NPS will tailor and enhance the 
Center to better meet the requirements of the Naval 
Aviation. GSC has and will continue to be heavily 
involved in the ADL SCORM initiative at all 
levels. 
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